Study Objectives: Previous research has suggested that general anesthetics can disturb postoperative sleep patterns by affecting the sleepwake cycle. The objective was to identify the effects of general anesthetics on sleep quality and related behavioral changes in children.
Introduction
Disturbed sleep following surgery in children has become a particular concern [1] . Sleep disturbances and poor sleep quality are associated with higher postoperative pain [1] , changes in behavior, and poor emotional well-being [2] . Several factors can contribute to sleep disturbances postoperatively, but of emerging interest is the impact of general anesthesia on sleep in otherwise healthy children. Data from model organisms and small human studies have suggested that anesthetics can disturb postoperative sleep patterns by affecting the sleep-wake cycle [3] [4] [5] . Specifically, adults experience suppressed slow-wave sleep (SWS) and rapid eye movement (REM) sleep during the first three postoperative nights followed by an increase in SWS and REM sleep during the subsequent nights [6, 7] . These are associated with short-term sleep fragmentation and poor postoperative sleep quality [4] . In one of the few pediatric studies, sleep disturbances were observed following propofol or sevoflurane anesthesia in young infants using parent-reported sleep diaries [8] , but no other objective measures of sleep were undertaken. In particular, there is a lack of data concerning the impact of general anesthesia on objectively quantified sleep measures.
The primary objective of this study was to identify the potential effects of general anesthesia on sleep disturbances and overall sleep quality. A secondary objective was to assess sleeprelated behavioral changes in children following anesthetic exposure. We hypothesized that sleep disturbances, including increased nocturnal awakenings, delayed sleep onset and shorter sleep duration, and associated behavioral changes such as aggression and poor attention, would be observed during the first postoperative week and 3 months following surgery.
Methods

Study population
This was a prospective, observational research study of children receiving general anesthetic during elective surgery at the Hospital for Sick Children. Participants aged 18 months to 8 years who were undergoing urologic and otolaryngologic procedures were recruited. The study population also included a control group that consisted of children of a similar age group from the community who had not previously received a general anesthetic. Children for the control group were recruited through advertising at the Hospital for Sick Children. Children with any history of chronic illness, prematurity, developmental delay, brain injury, or sleep-related problems were excluded from the study. The Children's Sleep Habits Questionnaire (CSHQ) was completed by parents to screen for frequent sleeprelated problems such as snoring, gasping, and difficulties falling asleep (Supplementary Table S1 ). Children undergoing tonsillectomy, adenoidectomy, or other airway surgery were also excluded. As obesity is a known risk factor for sleep disorders such as obstructive sleep apnea [9] , children with significant obesity (body mass index [BMI] > 95th percentile for age and gender) were excluded. The study protocol was approved by the Research Ethics Board at the Hospital for Sick Children, Toronto, Canada (Research Ethics Board number 1000051065). All participants and parents provided written informed consent, and assent was obtained from guardians and/or participants as appropriate.
Study Measures
Actigraphy
Actigraphy was used as an objective, nonintrusive method for estimating sleep-wake patterns [10] . The actigraph that was used in this study was the Mini-Mitter Actiwatch-2 (Philips Respironics, Bend, Oregon). The Actiwatch-2 is a wrist-worn accelerometer, similar to a watch. Based on previous studies, the Actiwatch-2 has been shown to provide a valid estimate of sleep patterns in preschoolers and school-aged children [11, 12] . Participants wore the Actiwatch on the nondominant wrist; however, infants and toddlers (<4 years) wore the watch on the ankle to limit the child's engagement with the device [13] . Children were asked to wear the watch for 7 days to ensure sufficient data to provide reliable estimates (reliability coefficients ≥ 0.70) for sleep measures including sleep efficiency and wake after sleep onset [14] .
Data were collected in 30 s epochs. The raw actigraphy data were translated to sleep measures using the actigraph scoring analysis software (Philips Actiware Version 6.0.9). Data were scored using the medium wake sensitivity threshold (40 counts per epoch) since the medium threshold is considered as the most accurate in estimating sleep patterns in young children [12] . Sleep onset was scored following 10 consecutive minutes of immobility [15] . The outcome sleep measures were total sleep time, sleep efficiency, sleep onset latency, and wake after sleep onset.
Bedtime and wake time were scored using event markers and a daily parent-reported sleep diary. In the case where a discrepancy was found between the event markers and the diary, precedence was given to the sleep diary [13] . The sleep diary was a record of the child's bedtime and wake time each day, the start and end times of any daytime naps, and any sleep interruptions. Any discrepancies between the sleep diary and actigraph data (i.e. diary indicated the child went to bed at 09:00 pm, but actigraph data showed no movement after 08:00 pm) were resolved by parental interview. Any periods during which the watch was removed were excluded.
In addition to the above, sleep and activity fragmentation were quantified using state-transition approach, as described and validated in an elderly population [16] . This study is the first to implement the transition probabilities algorithm in a pediatric population. Briefly, each 30 s epoch of the actigraph record was categorized as either rest or activity based on the number of activity counts. Epochs with counts of 0 were classified as rest, and epochs with counts greater than 0 were classified as activity. Next, runs of rest were defined as beginning with at least one epoch of rest and ending at the epoch before the first epoch of activity. Each run of rest began with an A → R transition and ended with an R → A transition. Similarly, runs of activity were defined as beginning with at least one epoch of activity and ending at the epoch before the first epoch of rest. Each run of activity began with an R → A transition and ended with an A → R transition. Following this, the probabilities of an R → A transition and A → R transition were determined, generating the metrics k RA and k AR . k RA and k AR quantify the degree of fragmentation of runs of rest and activity, respectively. Higher k RA values indicate greater fragmentation of sleep, and higher k AR values indicated greater fragmentation of activity while awake.
Questionnaires
Children's Sleep Habits Questionnaire (CSHQ): The CSHQ is a 33-item parent-reported sleep screening questionnaire that is designed for toddlers and school-aged children [17, 18] . These items are grouped into eight subscales: Bedtime Resistance, Sleep Onset Delay, Sleep Duration, Sleep Anxiety, Night Awakenings, Parasomnias, Daytime Sleepiness, and Sleep-Disordered Breathing.
Child Behavior Checklist (CBCL): The CBCL is a widely used parent-reported questionnaire to assess behavioral, social, and emotional problems in children [19, 20] . An overall score is provided for difficulties with internalizing behaviors (i.e. anxiety and withdrawal) and externalizing behaviors (i.e. inattention and aggressiveness) as well as total behavioral problems.
Behavior Rating Inventory of Executive Function (BRIEF): The BRIEF is a parent-reported questionnaire that assesses executive function behaviors in children [21, 22] . A summary index of executive functioning is provided, which is referred to as the Global Executive Composite.
Conners Behavior Rating Scales: The Conners Behavior Rating Scales assesses a wide range of behavioral, emotional, and social concerns in children [23] . Scores are provided for domain-specific behavioral scales including attention-deficit hyperactivity disorder (ADHD), Defiance/Aggressiveness, and Social Functioning/Peer Relations.
Post-Hospitalization Behavioral Questionnaire (PHBQ): The PHBQ is a 27-item questionnaire, where parents compare the child's typical behavior before the surgery with the child's behavior following surgery. Items are grouped into six domains: General Anxiety, Separation Anxiety, Sleep Anxiety, Eating Disturbances, Aggression towards Authority, and ApathyWithdrawal [24] .
Parents' Postoperative Pain Measure (PPPM): The PPPM is a 15-item reliable and validated behavioral checklist based on nonverbal pain cues that children display following surgery [25] . Using the PPPM, parents compare the child's postoperative behavior with the child's behavior prior to surgery. Out of the 15 items, a score of 6 or higher indicates clinically significant levels of pain.
All data were reviewed by a trained research graduate student who was blinded to the participants' group allocation to confirm accuracy of scoring and data entry.
Study protocol
For the surgical group, patients were reviewed in the urology clinic or otolaryngology-head and neck surgery clinic at the Hospital for Sick Children prior to surgery. Eligible patients were contacted and recruited by telephone. Demographics including age, height, weight, and existing underlying medical problems were collected using the patient's chart. Indication for surgery, history of prior procedures, anesthetic exposure, and associated medications were obtained. The actigraph was mailed to participants 1 week prior to the surgical date and was worn for 7 consecutive days prior to surgery. The actigraph was removed on the day of surgery as patients were not permitted to wear the actigraph during surgery, but was worn again for 7 consecutive days postoperatively. A parent-reported sleep diary was completed for each day the actigraph was worn. Questionnaires, including the CSHQ, CBCL, BRIEF, and Conners, were completed by the parent on the day of the surgical procedure. Following surgery, parents completed the PPPM every day during the 7 day postoperative period. The PHBQ was completed on the 7th postoperative day only. Three months after the surgical procedure, the actigraph, sleep diary, and behavioral questionnaires were additionally mailed to parents and participants as an attempt to minimize the influence of confounding factors such as pain and to identify any long-term sleep disturbances associated with anesthetic exposure.
A control group of healthy children was recruited from the community to provide comparative actigraphy and behavioral data from a population of children who had not received general anesthesia. Parents who were interested in taking part in the study were contacted and recruited by telephone. The child's demographics and medical history were provided by the parents. The actigraph and sleep diary were mailed to participants, where the participant wore the actigraph for 7 consecutive days with parents completing the sleep diary. Parents completed questionnaires including the CSHQ, CBCL, BRIEF, and Conners. Three months after the initial assessment, the actigraph, sleep diary, and behavioral questionnaires were again mailed to the family.
Anesthesia protocol
Upon arrival to the operating room, an oxygen saturation probe was placed on the patient's hand, and a scented anesthesia mask was introduced. Anesthesia was administered according to standard clinical practice and was not influenced by the study protocol. Anesthesia was induced with inhaled sevoflurane in a 50:50 mixture of oxygen and nitrous oxide. The sevoflurane vapor concentration was increased in increments of 2% until general anesthesia was obtained (to a maximum of 8%). Anesthesia was maintained with either sevoflurane (at 1 MAC, age defined) or an infusion of propofol (10-15 mg/kg/hr). For pain control, the patients received procedure-appropriate opiates (remifentanil [0.05-1.3 μg/kg], fentanyl [1-5 μg/kg], or morphine [50-100 μg/kg]). If endotracheal intubation was required, a muscle relaxant was administered (rocuronium 0.5-1 mg/kg). Nausea and vomiting prophylaxis were given when appropriate and included ondansetron (0.15 mg/kg) and dimenhydrinate (0.5 mg/kg). Postoperative analgesia was provided using acetaminophen (15-30 mg/kg), ketorolac (0.5 mg/kg), or morphine (variable doses) as per standard clinical care. Regional anesthesia was performed for some patients undergoing elective scrotal and groin surgery.
Statistical analyses
Descriptive statistics, including frequencies of and percentages for categorical variables, mean, median, and/or range values wherever appropriate for continuous variables, were computed for all demographics, sleep, and behavioral measures. Comparisons between preoperative and postoperative actigraph and behavioral variables were examined using 2-tailed paired t-tests, correlation analysis, and one-way repeated measures analysis of variance (ANOVA) wherever appropriate. A mixeddesign ANOVA was used to determine whether actigraph and behavioral measures differed significantly at baseline and the 3 month follow-up between the surgical and control groups. Bonferroni post hoc testing method was performed for statistically significant differences to adjust for multiple comparisons. Internight variability in actigraphy measures was compared using a one-way repeated measures ANOVA. Parents were contacted over the phone to recover any missing data. Analyses were performed using SPSS version 24.0. Statistical significance was indicated by a p-value of ≤0.05.
Sleep efficiency was selected as the primary measure since sleep efficiency is an important sleep variable that indicates decreased sleep duration and overall poor sleep quality. Based on the literature, we assume a 5% expected decrease in sleep efficiency after general anesthesia with a standard deviation of 10 [12, 14, 26, 27] . A paired t-test would be conducted to compare sleep efficiency before and after general anesthesia exposure. Given a power of 0.8 and a type-1 error (α) of 0.05, a sample size of 34 surgical patients was required. Additionally, we planned to recruit a control sample of 17 participants to provide comparative actigraphy and behavioral data.
Results
Population characteristics
From November 2015 to February 2017, a total of 114 surgical patients met inclusion/exclusion criteria for this study. Inititally, 37 participants were included in the surgical group. Of the 37 participants recruited, six did not complete follow-up, resulting in a total of 31 participants in the surgical group who completed the study (Figure 1 ). Their mean (±SD) age at the time of surgery was 4.8 ± 2.0 years and 25/31 (81%) were male. The control group consisted of 18 participants. Their mean (±SD) age was 5.3 ± 1.8 years and 11/18 (61%) were male. Overall, the surgical group was similar to the control group with regard to age, gender, height, and weight; however, a statistically significant difference was observed with BMI, where BMI was higher in the surgical group (Table 1) .
Seventy-one percent of the surgical group was classified as ASA physical status 1 at the time of surgery. Of the 31 participants, 22 (71.0%) underwent otolaryngologic surgeries, including myringotomy, tympanomastoidectomy, and cochlear implantation. Nine participants (29.0%) underwent urological surgeries including orchiopexy and hypospadias repair, resulting in a greater proportion of males in the surgical group. All patients received sevoflurane as an inhaled anesthetic agent minimally for induction. Patients received multimodal anesthesia with an opiate and either sevoflurane or propofol as a hypnotic for maintenance. Of the 31 participants, 24 children received both inhaled and intravenous agents (i.e. propofol, dexmedetomidine, ketamine, and remifentanil), primarily to facilitate neurological monitoring during cochlear implantation and tympanomastoidectomies. Six children received adjunct regional anesthesia (ilioinguinal blocks, caudal, and pudendal nerve block). All participants received analgesic drugs including acetaminophen, ketorolac, fentanyl, and morphine. As per clinical guidelines and/or indications, eight children received midazolam as a premedication. The mean (±SD) duration of anesthesia was 140.0 ± 95.2 min (range 10 to 358 min), with a median (interquartile range) duration of 132.0 (80.0-184.0) min. Seven children (22.6%) were exposed to an anesthetic that lasted from 60 to 119 min, and 17 children (50.0%) were exposed to an anesthetic that lasted more than 120 min (Table 2) .
Sleep patterns between surgical and control groups
Actigraphy data were compared between control and surgical participants at baseline and the 3 month follow-up (Table 3) . No statistically significant differences were found with total sleep time, wake after sleep onset, and the transition probabilities between groups across time (total sleep time: p = 0.29; wake after sleep onset: p = 0.27; k AR -degree of fragmentation during runs of activity: p = 0.37; k RA -degree of fragmentation during runs of rest: p = 0.75). Statistically significant differences were found for sleep efficiency and sleep onset latency, where sleep efficiency was lower and sleep onset latency was longer in the surgical group across time (sleep efficiency: p = 0.02; sleep onset latency: p = 0.01). After adjusting for gender and age, the observed differences in sleep efficiency and sleep onset latency between both groups remained significant (sleep efficiency: p = 0.04; sleep onset latency: p = 0.01). However, the degree of change between baseline and the 3 month followup in sleep efficiency, sleep onset latency, and additional sleep measures did not significantly differ between both groups (Supplementary Table S2 ). Table S3 ). No statistically significant differences were found with sleep efficiency, total sleep time, sleep onset latency, or wake after sleep onset between individual nights, indicating that sleep patterns remained stable during each of the three time points.
Preoperative and postoperative sleep patterns
A one-way repeated measures ANOVA was performed to compare sleep variables prior to and following surgery among participants who had received dexmedetomidine during the surgery (Supplementary Table S4 ). Dexmedetomidine was intravenously administered to 7/31 participants, where no statistically significant differences were found in actigraphy measures across time. Sleep variables were also compared according to duration of general anesthesia exposure (Supplementary  Table S5 ). Among children who were exposed to an anesthetic for less than 2 hr, no statistically significant differences were observed with any sleep parameters between baseline, the postoperative 7 day period, and the 3 month follow-up. Similar findings were found among those who received an anesthetic for a duration of 120 min or longer.
Behavioral measures between surgery and control groups
Behavioral scores were compared between the surgical and control groups, where higher behavioral scores indicated more problematic behavior. Across time, the surgical group had significantly higher scores in externalizing behaviors and global executive functioning compared with the control group (externalizing: p = 0.03; global executive functioning: p = 0.04) ( Table 3) . After adjusting for age and gender, differences for externalizing behaviors and global executive functioning remained statistically significant (externalizing: p = 0.02; global executive functioning: p = 0.05). Despite significant differences in scores, the degree of change in scores for all behavioral outcomes was similar across surgical and control groups (Supplementary Table S6 ). The majority of control and surgical participants did not have scores greater than the clinical cut-off score of 65 for various behavioral outcomes (Supplementary Table S7 ), indicating that statistically significant differences across groups may not be clinically relevant.
Preoperative and postoperative behavioral measures
Mean scores for PHBQ subscales were found to be within normative range. There were no significant differences in scores between the postoperative 7 day period and the 3 month follow-up for general anxiety (p = 0.60), separation anxiety (p = 0.27), sleep anxiety (p = 0.06), eating disturbances (p = 0.11), aggressiveness (p = 0.53), and apathy-withdrawal (p = 0.08) (Figure 3 ). No significant differences were found for externalizing behaviors and additional domain-specific behaviors including global executive functioning, ADHD, defiance, and social functioning between baseline and the 3 month follow-up (externalizing: p = 0.34; global executive functioning: p = 0.38; ADHD: p = 0.58; defiance: p = 0.07; social functioning: p = 0.39). However, scores for internalizing behaviors and total problems differed significantly between both time points (internalizing: p = 0.04; total problems: p = 0.02). Mean scores for these specific subscales were lower during the 3 month follow-up when compared with baseline (internalizing baseline vs 3 month follow-up: 46.4 ± 10.7 vs 43.6 ± 9.4; total problems baseline vs 3 month follow-up: 45.4 ± 10.1 vs 42.6 ± 10.1). These differences in internalizing behaviors and total problems were no longer significant after adjusting for age and gender (internalizing: p = 0.80; total problems: p = 0.87).
A paired t-test was performed to compare behavioral variables according to duration of general anesthesia exposure (Supplementary Table S8 ). Statistically significant differences were found for total behavioral problems among children who were exposed to an anesthetic for a duration less than 2 hr; however, mean scores were lower during the 3 month followup when compared with baseline (total problems baseline vs 3 month follow-up: 46.8 ± 11.0 vs 43.2 ± 11.3). No statistically significant differences were observed with any behavioral subscales between baseline and the 3 month follow-up for those who received an anesthetic for a duration of 120 min or longer. Similarly, mean scores for PHBQ subscales did not significantly deviate from normative scores irrespective of the duration of anesthetic exposure.
During the 7 day postoperative period, participants experienced a high level of pain on the first day following surgery as determined by changes in behavior, where 15/31 (48.4%) were reported to have a pain score of 6 or higher, indicating a clinically significant level of pain (Figure 4) . Specifically, parents reported that their children displayed more frequent whining, crying, worry, and dependence while also being less active. On the second postoperative day, 11/31 (35.5%) continued to display such behaviors and experience a high level of pain. The pain score gradually decreased across the postoperative period, where only 4/31 (12.9%) had a reported pain score of 6 or higher on the seventh postoperative day.
Discussion
The present study compares objectively quantified sleep measures before and after anesthetic exposure to assess potential short-and long-term changes in sleep. In our cohort of children undergoing elective surgery, compared with their baseline sleep, significant changes in sleep patterns were not found during the first postoperative week or 3 months following exposure to general anesthesia. 
||
Post hoc testing using Bonferroni revealed statistically significant differences at baseline (p = 0.04) between the surgical and control groups.
In our study, children in the surgical group had a delayed sleep onset compared with that of the control group, where they took almost twice the amount of time to fall asleep at baseline and 3 months postoperatively, which may have also resulted in a significant difference with sleep efficiency between both groups. However, the degree of change in sleep onset latency and additional sleep parameters between baseline and the 3 month follow-up was similar for both the surgical and control groups. These findings further support conclusions that exposure to general anesthesia, per se, did not result in disturbed sleep in the surgical group.
Because a difference of 5% or more tends to be considered clinically meaningful [12] , the difference in sleep efficiency between both groups may not be clinically significant as the mean differences between both groups at baseline and the 3 month follow-up were 3.6 and 2.6%, respectively. Although the difference in sleep onset latency may be considered statistically and clinically significant, sleep onset latency is a limitation for actigraphy [10, 28] . As shown in a study by Meltzer and colleagues, a wide individual difference exists between actigraphy-measured and polysomnography-measured sleep onset latencies [29] . Such differences may result from subjective reporting of bedtime, which largely determines actigraphy scoring of sleep onset latency. As such, sleep onset latency may not be as accurate compared with additional sleep parameters such as total sleep time. Furthermore, parent-reported sleep durations did not significantly differ between the surgical and control groups, indicating that parents did not notice such differences in sleep efficiency and sleep onset latency. However, parents have been found to be unaware of their child's sleep behavior, resulting in large differences between actigraphy-and parent-reported sleep patterns [30, 31] .
Previous studies in mice and adult humans have shown that exposure to volatile anesthetics such as sevoflurane, isoflurane, or halothane can result in short-term sleep disturbances and fragmentation [3, [5] [6] [7] . Sleep patterns were also assessed in infants following exposure to either a combination of propofol and remifentanil anesthesia, or sevoflurane and fentanyl anesthesia [8] . Although they found that sleep quality was generally impaired in both groups following cleft-lip-palate surgery when compared with before surgery, parent-reported sleep diaries were used as the primary measure for sleep. Because of its subjective nature, a sleep diary has limited accuracy and may hinder the reliability of measures including total sleep time and wake after sleep onset [30] . Moreover, their study population consisted of very young infants aged 4 to 6 months where such findings may not translate to an older pediatric population.
Additionally, closure of the cleft palate specifically may worsen any tendency for sleep-disordered breathing [32] .
Additional studies have compared the onset of postoperative maladaptive behavioral changes that can arise following exposure with various anesthetic induction agents, specifically sevoflurane and halothane. In one study, the incidence of maladaptive behavioral changes did not significantly differ between children who received sevoflurane and those that received halothane. In the same study, no significant differences were found in sleep patterns between both groups as determined by actigraphy [33] . This study focused on comparing postoperative sleep and behavior between groups, rather than comparing sleep and behavioral patterns prior to and following anesthetic exposure. A proportion of the study population also underwent adenoidectomy, where sleep quality tends to improve after surgery since an adenoidectomy is commonly performed to treat sleep disorders such as sleep apnea that causes frequent awakenings [34] . For that reason, children undergoing surgeries such as tonsillectomies or adenoidectomies were excluded from our study. Moreover, the majority of the surgeries reported in the present study lasted for a duration of an hour or less. In our study, 50% of the study population were exposed to general anesthesia for a duration of 120 min or longer, where sleep patterns did not significantly differ between baseline, the first postoperative week, and 3 months following surgery. These findings further affirm that prolonged exposure to general anesthesia may not be associated with short-term sleep disturbances.
In addition to assessing the impact of prolonged exposure on general anesthesia, we compared sleep patterns among a cohort of participants that received dexmedetomidine during the surgery. An infusion of dexmedetomidine, which is an intravenous sedative agent, has been shown to improve postoperative sleep quality, where adults experience an increase in total sleep time and sleep efficiency [35, 36] . Although we found a slight increase in total sleep time and reduced sleep fragmentation following surgery, there were no statistically significant differences in total sleep time and additional sleep parameters among participants who received dexmedetomidine. Nonetheless, the cohort was small, where only 7/31 participants received dexmedetomidine. Additional studies involving larger samples would be beneficial in confirming the impact of dexmedetomidine on postoperative sleep.
An additional tool was applied to analyze the actigraphy data, which involved a state-transition analysis that quantifies the degree of fragmentation during runs of rest and activity. This algorithm has previously only been applied to an elderly population and had not yet been applied to children [16] . Thus, the present study introduced a novel means of analyzing actigraphy data in a pediatric population. Although normative values for k AR and k RA are currently not available for children, transition probabilities were compared between a group of healthy children and the surgical group. No statistically significant differences in transition probabilities were found across both groups over time. Significant differences were also not observed in the transition probabilities before and after anesthetic exposure. Similar to our findings identified by a conventional analysis of actigraphy data, our findings involving transition probabilities further support the lack of effect of anesthetic exposure on sleep patterns.
Children in this study did not display persistent negative behavioral changes following anesthetic exposure during the first postoperative week and 3 months following surgery. As determined by the PPPM, nonsleep-related behaviors including whining, crying, and worry were common during the first two postoperative days; however, these behaviors became less prevalent across the postoperative week. We also found no significant negative changes in sleep-related behaviors, such as anxiety, aggressiveness, and attention, following anesthetic exposure. Similar results were found among a cohort of participants who were exposed to general anesthesia for a duration of 120 min or longer.
Both the surgical and control groups showed similar changes in scores across time for all behavioral outcomes. Additionally, all behavioral outcomes were within normative range for both the surgical and control groups, indicating that changes in behavior were not considered a clinical concern. As sufficient sleep quality is important for proper behavioral development in children [37] , our findings relating to sleep may provide further support that behavioral changes following anesthetic exposure were not clinically significant.
Our study has several limitations. First, the sample size of the study population was small, resulting in limited subgroup comparisons. Second, a recruitment bias may exist as families with male children were more likely to participate in the present study. Because the study population consisted of a greater number of males compared with females, genderspecific effects of anesthetic exposure on sleep disturbances could not be evaluated. The observational nature of this study may also introduce a potential for bias. Third, our study did not incorporate psychometric tools to measure sleep-related neurocognitive changes following anesthetic exposure including memory, learning, and IQ. Similarly, we did not track opioid use in the postoperative recovery room and following hospital discharge. Fourth, changes in sleep architecture following anesthetic exposure were not assessed. Although a polysomnogram incorporates various physiological measures to provide a comprehensive evaluation of sleep patterns, a polysomnogram can be burdensome and invasive for children, thus limiting recruitment and potentially influencing recruitment bias. Additionally, a polysomnogram performed in a sleep laboratory only provides information about the child's sleep based on one night that may not represent natural sleep patterns as the child is sleeping in an unfamiliar environment. A final limitation was that all cases were elective and thus received daytime anaesthesia. As a result, a time-of-day effect for the delivery of anaesthesia could not be measured. Future studies could offer insight into this question by administering anesthesia to children during diagnostic scans (i.e. magnetic resonance imaging) that are carried out during different times of the day. As such, sleep quality can be assessed following exposure to anesthesia while minimizing the influence of surgical-related factors including pain and postoperative complications.
Conclusion
Our study findings suggest that general anesthesia may not result in disturbed sleep in healthy children undergoing elective low-complexity surgical procedures. Similarly, there was no evidence of harm following prolonged anesthetic exposure (duration 2 hr or longer). Persistant negative behavioral changes were also not observed following general anesthesia exposure. These findings are important as they may challenge beliefs held by clinicians and parents that anesthesia may lead to sleep disturbances postoperatively [38] . As such, physicians and families may be reassured that general anesthesia in young children does not necessarily lead to short-term changes in sleep or sleep-related behaviors. Physicians can also provide anticipatory guidance accordingly, advising parents that a child's surgery and associated general anesthetic exposure may not result in significant changes in nighttime awakenings, sleep onset, and sleep duration following surgery.
